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(54) High-frequency transmitter-receiving apparatus for such an application as vehicle-onboard 
radar system 



(57) A high-frequency transmitter-receiver appara- 
tus includes a transceiver circuit (10) realized in a planar 
structure by a dielectric substrate (3) and a semiconduc- 
tor chip (4) and a planar antenna (7) formed on a die- 



lectric substrate (2) are provided on front and rear sur- 
faces, respectively, of a single electrically conductive 
base plate (1). Signal lines of the planar circuit and the 
planar antenna are electrically interconnected by a co- 
axial line (106-1. 106-2). 



FIG.1 



CM 
< 

CM 

00 

O) 
O 

Q. 
liJ 




rented by Jouve. 7C00I PARIO (rnj 



RN.qnnf:in: «FP (»7a729A2 I > 



If 



1 EP0 9 

Description 

[0001] The present invention relates generally to a 
high-frequency transmitter-receiver apparatus which 
can be employed as a radar for an automobile or motor 
vehicle, a communication device in a wireless L-AN (lo- 
cal area network) and others. Further, the present in- 
vention is concerned with an antenna unit incorporating 
a high-frequency transmitter-receiver device and a ve- 
hicle-onboard radar system incorporating the same. 
[0002] For the high-frequency transmitter-receiver 
apparatus employed as the vehicle radar, the wireless 
LAN or the like, it is important to realize the high-fre- 
quency transmitter-receiver apparatus in a miniaturized 
and simplified structure from the standpoint of mounta- 
blllty and portability of the apparatus. 
[0003] As one of the conventional high-frequency 
transmitter-receiver apparatuses designed for use as a 
radar for a motor vehicle, there can be mentioned the 
apparatus disclosed in "Proceedings ol 1997 lEICE (In- 
stitute of Electronics, Information and Communication 
Engineers) Convention. Paper No. C-2-121: 60 GHz- 
BAND MILLIMETER-WAVE BAND RADAR UNIT" 
(hereinafter referred to as the prior art reference 1). In 
this known transmittor-rccoivor apparatus, a millimotor- 
wave (60 GHz band) transmitter-receiver circuit or 
transceiver circuit is realized as a discrete transmitter- 
receiver unit encased within a housing. On the other 
hand, an antenna unit is also realized as a discrete unit 
and adapted to be connected to the transceiver circuit 
unit. More specifically, a waveguide terminal serving as 
input/output terminal for the radio-frequency or RF sig- 
nal is provided on a rear or bottom surface of the trans- 
mitter-receiver unit. Similarly, the antenna unit is 
equipped with a corresponding waveguide terminal. 
Thus, the transmitter-receiver unit and the antenna unit 
can be electrically interconnected by using a 
waveguide. 

[0004] Further, in JP-A-8-250913 (hereinafter re- 
ferred to as the prior art reference 2). there is disclosed 
a high-frequency transmitter-receiver apparatus in 
which a planar antenna is formed on an outer surface 
of a package in which a monolithic microwave integrated 
circuit (hereinafter referred as MMIC) is hermetically ac- 
commodated. Figure 18 of the accompanying drawings 
shows a structure of the same. As can be seen in the 
figure, an antenna 142 is mounted on a bottom surface 
141 of the package while a MMIC 143 is mounted as 
embedded within the package in opposition to the an- 
tenna 142. The bottom surface of the MMIC package 
143, that is, the top surface of the MMIC package 143 
as viewed in the figure, is provided with a slot 146 
formed by removing partially a ground conductor layer 
145. A conductor pattern 144 constituting a part of a 
high-frequency circuit and provided on the bottom sur- 
face of the MMIC package 1 43 and the antenna 1 42 are 
coupled electromagnetically through the medium of the 
slot 146 A bonding pad 147 provided on the surface of 
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the MMIC package 143 and a power source terminal 
149 also provided on the same surface for receiving ex- 
ternal power supply are electrically interconnected by a 
bonding wire 148. 
5 [0005] According to the technique described in the pri- 
or art reference 1 . the transceiver unit and the antenna 
unit designed and realized discretely from each other 
are interconnected for constituting the high-frequency 
transmitter-receiver apparatus. This structure is certain- 
'0 ly advantageous in that the characteristics of the trans- 
ceiver unit and the antenna unit can be evaluated inde- 
pendent of each other. However, a large number of parts 
are required with the structure being complicated, which 
makes it difficult to realize the high-frequency transmit- 
fS ter-receiver apparatus in a miniaturized and simplified 
structure. In particular, coupling of the discrete units 
through the waveguide in a very high frequency band 
such as a millimeter wave band involves complexity in 
machining the waveguide, terminals and others, giving 
20 rise to a problem of high manufacturing cosl. 

[0006] On the other hand, according to the teachings 
disclosed in the prior art reference 2, the high-frequency 
transceiver circuit and the antenna are electromagneti- 
cally coupled through the slot. With such contactless 
25 coupling, insertion loss of the high-froqucncy signal 
tends to increase. In order to suppress such insertion 
loss, the thickness of the electrically conductive plate 
141 disposed between the antenna and the high-fre- 
quency transceiver circuit has to be reduced as thin as 
30 possible. By way of example, it is reported that in the 
case of the high-frequency transmitter-receiver appara- 
tus for the signal of 10 GHz, the thickness of the elec- 
trically conductive plate mentioned above is on the order 
of 0.5 to 0.7 mm. Thus, for the signal of millimeter wave 
35 band (ca. 60 GHz), the thickness of the electrically con- 
ductive plate has to be further decreased. Consequent- 
ly, a great difficulty will be encountered in sustaining a 
desired mechanical strength with the structure in which 
the antenna and the high-frequency circuit are provided, 
40 respectively, on both surfaces of the conductive plate. 
In other words, some reinforcing mechanism or struc- 
ture will be required. Besides, the electromagnetic cou- 
pling of the signal of short wavelength such as millime- 
ter-wave requires high dimensional precision for realiz- 
45 ing the slot as well as high-precision positioning of the 
antenna pattern 142 and the high-frequency circuit pat- 
tern 1 44, which of course imposes not a little burden on 
the assembling work. Additionally, in order to assure re- 
liability of the MMIC. the whole package must be imple- 
50 mented in a hermetically sealed structure, which 
renders the assembling work more difficult. 
[0007] In the light of the state of the art described 
above, it is an object of the present invention to provide 
a high-frequency transmitter-receiver apparatus which 
ss can essentially evade the problems of the conventional 
apparatus mentioned above. 

[0008] Another object of the present invention is to 
provide an antenna unit which incorporates as an inte- 
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gral pari thereof a high-frequency transmitter-receiver 
device and in which the problems such as mentioned 
above are solved satisfactorily. 
[0009] It is yet another object of the present invention 
to provide a radar system in which the antenna unit men- 
tioned above is employed. 

[0010] In view of the above and other objects which 
will become more apparent as the description proceeds, 
there is provided according to an aspect of the present 
invention, a high-frequency transmitter-receiver appa- 
ratus in which a high-frequency transceiver circuit com- 
posed of an oscillator, an amplifier, a mixer circuit and 
the like is realized in the form of a planar circuit structure 
by using a dielectric substrate and a semiconductor 
chip, while an antenna for transmitting and receiving a 
high-frequency signal is realized as a planar antenna by 
using a dielectric substrate, wherein the dielectric sub- 
strate constituting a part of the planar circuit structure 
and the dielectric substrate constituting a part of the pla- 
nar antenna are directly bonded on first and second sur- 
faces, respectively, of a single electrically conductive 
base plate, the first and second surfaces being opposite 
to each other, and wherein high-frequency signal lines 
of the planar circuit and the planar antenna, respective- 
ly, arc intorconnectcd by an coaxial lino which extends 
through the base plate. 

[0011] By virtue of the arrangement described above, 
there can be realized a unitary structure in which the 
transceiver circuit and the antenna are combined inte- 
grally with each other, whereby the factors contributing 
to deterioration of the characteristics can be diminished 
with the number of parts being decreased. Besides, the 
apparatus can be miniaturized as a whole. 
[0012] In a mode for carrying out the present inven- 
tion, those portions of the coaxial line (coaxial cable) 
where the coaxial line is connected, respectively, to the 
dielectric substrate constituting a part of the planar cir- 
cuit structure and the dielectric substrate constituting a 
part of the planar antenna structure should preferably 
be realized in an airtight structure by using a dielectric 
such as glass, ceramic or the like. 
[0013] In that case, the transceiver circuit structure in- 
cluding the semiconductor chip can be realized in a her- 
metically sealed structure without any appreciable diffi- 
culty. 

[0014] Furthermore, according to another aspect of 
the present invention, there is provided a high-frequen- 
cy transmitter-receiver apparatus which includes a base 
plate, an antenna provided on a first surface of the base 
plate, a transceiver circuit provided on a second surface 
of the base plate opposite to the first surface and elec- 
trically connected to the antenna, and a terminal for ex- 
ternal connection provided on the second surface of the 
base plate for supplying a source current to the trans- 
ceiver circuit or outputting an electric signal. The base 
plate is provided with a concave portion in the first sur- 
face and covered with the antenna and a through-hole 
extending through the concave portion and the second 



surface. A connecting terminal for supplying a source 
current to the transceiver circuit or outputting a signal 
extends through the through-hole and connected to the 
terminal for external connection in the concave portion. 

5 The connecting terminal is implemented in a line struc- 
ture having a metal conductor electrically insulatedfrom 
the base plate in the through-hole. 
[001 5] In a preferred mode for carrying out the present 
invention, the coaxial line interconnecting the high-fre- 

10 quency transceiver circuit and the antenna on one hand 
and the coaxial fine for the terminal for receiving D.C. 
bias or power supply and/or, the input/output terminal for 
an IF (intermediate frequency) signal on the other hand 
should be realized in a same structure and disposed in 

IS a same orientation. Owing to such arrangement, the 
work efficiency in assembling the apparatus can be en- 
hanced, and additionally common use of the circuit com- 
ponents can be achieved. By way of example, the co- 
axial line of a same structure can be used not only as 

20 the connecting terminal but also for interconnection of 
the transceiver circuit and the antenna. Besides, the 
transceiver circuit including the semiconductor chip can 
be realized in a hermetically sealed structure without 
any appreciable difficulty. 

2S [0016] The above and other objects, foaturos and at- 
tendant advantages of the present invention will more 
easily be understood by reading the following descrip- 
tion of the preferred embodiments thereof taken, only 
by way of example, in conjunction with the accompany- 

30 ing drawings. 

[0017] In the course of the description which follows, 
reference is made to the drawings, in which: 

Fig. 1 is a sectional view showing a high-frequency 
35 transmitter-receiver apparatus according to an em- 
bodiment of the present Invention; 
Fig. 2 is a bottom plan view of the high-frequency 
transmitter-receiver apparatus shown in Fig. 1; 
Fig. 3 is a sectional view showing a structure of a 
40 high-frequency transmitter-receiver apparatus ac- 
cording to another embodiment of the present in- 
vention; 

Fig. 4 shows in a sectional view a structu re of a high- 
frequency transmitter-receiver apparatus accord- 
45 ingtostillanother embodiment of the present inven- 
tion; 

Fig. 5 is a fragmentary sectional view showing on 
an enlarged scale a structure around a coaxial line 
or cable in the high-frequency transmitter-receiver 

so apparatus shown in Fig. 4; 

Fig. 6 is a sectional view showing an antenna unit 
incorporating a high-frequency transmitter-receiver 
device according to yet another embodiment of the 
present invention; 

55 Fig. 7 is a sectional view showing another structure 
of the antenna unit incorporating a high-frequency 
transmitter-receiver device according to a further 
embodiment of the present invention; 
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Fig. 8 is a sectional view showing a high-frequency 
tr;)nsmitter-receiver npp;^ratus which is designed 
for use in a vehicle-onboard radar system according 
lo a still further embodiment of the present inven- 
tion: 

Fig. 9 is a bottom plan view of the high-frequency 
transmitter-receiver apparatus shown in Fig. 8; 
Figs. 1 0A and 1 0B show a structure of a mid portion 
of a base plate of a high-frequency transmitter-re- 
ceiver apparatus according to an embodiment of 
the present invention, in which Fig. IDA is a top plan 
view of the same, and Fig. 1 0B is a sectional view 
taken along a line A-B shown in Fig. 10A; 
Fig. 1 1 is a partially enlarged sectional view for il- 
lustrating a structure around an IF (intermediate fre- 
quency) signal terminal (terminal of a coaxial struc- 
ture) in a high-frequency transmitter-receiver appa- 
ratus according to another embodiment of the 
present invention; 

Fig. 1 2 is a sectional view showing on an enlarged 
scale another structure of an IF signal terminal (tei- 
minal of a coaxial structure) according to still anoth- 
er embodiment of the present invention; 
Fig. 1 3 is a sectional view of a high-frequency trans- 
mittor-rcccivcr apparatus according to yet another 
embodiment of the present invention; 
Fig. 1 4 is a sectional view of a high-frequency trans- 
mitter-receiver apparatus according to a further em- 
bodiment of the present invention; 
Figs. 15A and 158 show a structure of a high-fre- 
quency transmitter-receiver apparatus according to 
a yet further embodiment of the present invention, 
wherein Fig. 15A is a circuit diagram showing a 
high-frequency (RF) circuit and Fig. 15B shows a 
circuit pattern; 

Figs. 16A and 16B shows a structure of a high-fre- 
quency transmitter-receiver apparatus according to 
a still further embodiment of the present invention, 
wherein Fig. 16A is a circuit diagram showing a 
high-frequency (RF) circuit and Fig. 16B shows a 
circuit pattern thereof; 

Figs. 17Aand 17B show a high-frequency transmit- 
ter-receiver apparatus according to another em- 
bodiment of the present invention, wherein Fig. 1 7A 
is a circuit diagram showing a high-frequency (RF) 
circuit and Fig. 178 shows a circuit pattern thereof; 
Fig. 18 is a sectional view showing a conventional 
high-frequency transmitter-receiver apparatus 
known heretofore; and 

Fig. 19 is a view for illustrating pictorially a vehicle- 
onboard radar system. 

[0018] The present invention will bo described in de- 
tail in conjunction with what is presently considered as 
preferred or typical embodiments thereof by reference 
to the drawings, being understood that the present in- 
vention is never restricted to these embodiments but nu- 
merous modifications or changes in design can occur to 



those skilled in the art without departing from the ambit 
of the invention in the following description, like refer- 
ence characters designate like or corresponding or 
equivalent parts throughout the several views. Also in 
5 the following description, it is to be understood that such 
terms as "top", "bottom", "right", "left" and the like are 
words of convenience and are not to be construed as 
limiting terms. 

[0019] Figure 1 is a sectional view showing a high- 
10 frequency transmitter- receiver apparatus according to 
an embodiment of the present invention. As can be seen 
from the figure, the high-frequency transmitter-receiver 
apparatus includes a base plate 1 made of a metal and 
having a top surface on which an antenna substrate 2 
IS formed of a dielectric for constituting an antenna Is 
bonded and a bottom surface on which a circuit sub- 
strate 3 formed of a dielectric for constituting a transmit- 
ter-receiver or transceiver circuit and a monolithic mi- 
crowave integrated circuit semiconductor chip (herein- 
20 after referred lo as the Mfs/IIC semiconductor chip or sim- 
ply as the semiconductor chip) 4 are mounted by bond- 
ing. Metal patterns 10 on circuit substrate deposited on 
the surface of the circuit substrate 3 and metal patterns 
7 on antenna substrate deposited on the surface of the 
25 antenna substrate 2 arc electrically connected to each 
other by a center conductor 6 of a coaxial line. Since the 
semiconductor chip 4 is not packaged, the transceiver 
circuit is hermetically sealed by means of a cover 5 of 
transceiver components made of a metal, f^ounted lo- 
30 caliy on the transceiver component cover 5 are termi- 
nals 12 for the external connection to a power source 
and for an IF (intermediate frequency) signal, being 
electrically insulated from the conductor plate (base 
plate) and the transceiver component cover 5. respec- 
ts tively, by insulation materials 8 and 9. The terminals 12 
for external connection (hereinafter referred to as the 
external terminal only for convenience of description) 
and the transceiver circuit on one hand and the circuit 
pattern conductor and the semiconductor chip on the 
-^0 other hand are interconnected by bonding wires 11. In 
this conjunction, it should however be mentioned that 
the semiconductor chip 4 may be electrically contacted 
directly onto the circuit substrate 3 in a so-called flip chip 
mount structure, as will be described later on by refer- 
■^5 ence to Fig. 4. Further, the base plate 1 and the trans- 
ceiver component cover 5 may be formed of a nonme- 
tallic material such as plastic or the like with the surface 
thereof being coated with a metal through plating, evap- 
oration or the like process. 
so [0020] Figure 2 is a bottom plan view of the high-fre- 
quency transmitter-receiver apparatus, In which the an- 
tenna substrate 2 mounted on the top surface is indicat- 
ed by a phantom lino. 

[0021] Figure 3 shows a structure of the high-frequen- 
cy transmitter-receiver apparatus according to another 
emlDodiment of the invention, in which the base plate 1 
is divided separably into a mid portion 1-2 where the 
transceiver circuit is provided and a peripheral portion 
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1 -1 . The mid portion 1 -2 should be so dimensioned that 
at least the transceiver component cover 5 can be 
mounted. By realizing the base plate 1 in the divided 
structure, efficiency in assembling the high-frequency 
transmitter-receiver apparatus as a whole can be en- 
hanced, provided that the area of the transceiver circuit 
is sufficiently small when compared with that of the an- 
tenna. 

[0022] Figure 4 shows in a sectional view another ex- 
ample of the structure of the high-frequency transmitter- 
receiver apparatus in which the transceiver component 
cover 5 is constituted by a side frame 5-2 and a cover 
sheet 5-1 . Mounted at a location of the side frame 5-2 
are pin terminals 12' for external connection, wherein 
the pin terminals 12' are electrically insulated by insula- 
tion material 8*. It can further be seen that Ihe transceiv- 
er circuit is realized In a flip-chip package structure in 
which the MMIC semiconductor chip is mounted directly 
on the circuit substrate, as mentioned previously. 
[0023] Figure 5 is a fragmentary sectional view show- 
ing on an enlarged scale the coaxial line (or coaxial ca- 
ble, to say in another way) for electrically interconnect- 
ing the transceiver circuit and the antenna. Deposited 
on the antenna substrate 2 bonded onto the top surface 
of the base plato 1 aro metal patterns 7 on antenna sub- 
strate and an ground conductor (or earth conductor) 21 . 
On the other hand, metal patterns 10 on circuit substrate 
and a ground conductor (or earth conductor) 31 are de- 
posited on the circuit substrate 3 which is bonded onto 
the bottom surface of the base plate 1. Electrical con- 
nection between the metal patterns 7 on antenna sub- 
strate and the metal patterns 10 on circuit substrate is 
established by means of the center conductor 6 support- 
ed by a dielectric 14 of the coaxial line and solders 1 3-1 
and 13-2. in this conjunction, by using the coaxial line 
of the structure in which glass, ceramic or the like may 
be employed as the dielectric 1 4, airtightness can easily 
be ensured for the high-frequency transmitter-receiver 
apparatus inclusive of the semiconductor chip. 
[0024] For realizing the connection between the cent- 
er conductor 6 and the metal patterns 7 and 1 0, electri- 
cally conductive layers 23 and 33 may be deposited by 
plating or the like process on lateral surfaces of through- 
hole portions formed in the dielectric substrates (anten- 
na substrate and circuit substrate) for inserting the cent- 
er conductor therethrough. In this conjunction, the elec- 
trically conductive layers 23 and 33 formed on the lateral 
surfaces of the through-hole porlions mentioned above 
may be extended so as to form lands 22 and 32 flush 
with the ground conductors 21 and 31, respectively, 
which is effective for protecting the lateral surface con- 
ductive layers from delamlnation. With the structure de- 
scribed above, the space defined between the dielectric 
substrate and the center conductor can be filled with sol- 
der essentially without any void owing to high-contact 
susceptibility of the metallic conductor and the solder 
In this way. mechanical strength of the high-frequency 
transmitter-receiver apparatus according to the instant 



embodiment of the present invention can be increased. 
Thus, the high-frequency transmitter-receiver appara- 
tus according to the invention can be protected against 
deterioration of the characteristics even when the appa- 

s Talus Is employed in a vehicle-onboard radar system. At 
this juncture, it should be added that unless the lateral 
surface conductive layers are provided, the current will 
flow along the solder surface and thus the loss due to 
roughness of the solder surface will not be negligible. 

10 By contrast, with the structure described above, the cur- 
rent can flow through the lateral surface conductive lay- 
ers, whereby the electric loss can be suppressed to a 
minimum. Such advantageous effects can be observed 
especially in the millimeter wave region. 

IS [0025] For soldering, a metal such as AuSn. AuSi or 
the like can be used as well. Further, for the connection 
of the coaxial line, welding, ribbon bonding or the like 
may be resorted to in addition to the soldering. 
[0026] Figure 6 is a sectional view of an antenna unit 

20 according to another embodiment of the present inven- 
tion. The antenna unit according to the instant embodi- 
ment is comprised of a high-frequency transmitter-re- 
ceiver apparatus or device described hereinbefore by 
reference Figs. 1 to 4 which is integrally combined with 

25 a signal processing circuit. Referring to the figure, a sig- 
nal processing circuit substrate 17 on which circuit com- 
ponents 1 8 such as those for a power source circuit and 
an IF signal processing circuit are mounted is disposed 
in the vicinity of the high-frequency transmitter-receiver 

30 device, wherein the high-frequency transmitter-receiver 
device and the signal processing circuit are electrically 
interconnected by a lead wire 19. An antenna cover 16 
formed of a dielectric is mounted so as to cover the 
whole antenna array while a cover 1 5 of signal process- 

35 ing circuit made of a metal and covering wholly the trans- 
ceiver circuit and the signal processing circuit is mount- 
ed directly on the base plate 1 , wherein signal transfers 
with external apparatuses are realized through the me- 
dium of a lead terminal 20 for external connection. For 

40 mounting the signal processing circuit cover 1 5. airtight- 
ness is not required because the circuit components 18 
are packaged. 

[0027] Figure 7 is a sectional view showing a modified 
structure of the antenna unit shown in Fig. 6. In this an- 

45 tenna unit, some of the circuit components 18 for the IF 
signal processing circuit such as an operational ampli- 
fier and/or other is accommodated within the space de- 
fined by the transceiver component cover 5 mounted 
hermetically, wherein the IF signal is taken out externally 

50 from the transceiver component cover 5 after having 
been amplified (i.e.. after the signal level of the IF signal 
has been raised). Parenthetically, reference numeral 
18-1 in Fig. 7 denotes the other parts or circuitries of the 
signal processing circuit. With the structure of the an- 

55 tenna unit shown in Fig. 7.. the amplified IF signal is out- 
putted from the transceiver circuit packaged hermetical- 
ly. Thus, the IF signal is less susceptible to the influence 
of noise generated by the other signal processing circuit 



5 



<FP 097B729A2 I > 



9 



EP 0 978 729 A2 



10 



components 18-1 including digital circuitries, which 
nneans XhFi\ improved S/N ratio can be ensured, to an 
advantage. 

[0028] By the way. at present, development of novel 
road traffic systems is being studied for practical appli- 
cations with a view to solving the problems encountered 
in the road traffic such as traffic accidents, traffic jam 
and the like. As one of such road traffic systems, a ve- 
hicle-onboard radar system (i.e.. radar equipment for 
automobiles or motor vehicles) is under development for 
measuring or ranging the distance to a fore-running mo- 
tor vehicle from a motor vehicle equipped with a radar 
(hereinafter referred to as the subject motor vehicle only 
for convenience of description), detecting an obstacle 
on the road and so forth for thereby controlling appro- 
priately operation of the subject nrKstor vehicle. Figure 
1 9 is a pictorial view for illustrating schematically a con- 
figuration of such radar system. 
[0029] Referring to Fig. 19. the radar system illustrat- 
ed includes an antenna unit 151 designed for Iransmil- 
ting or sending out radio wave of millimeter-wave band 
and receiving echo returning from the fore-running mo- 
tor vehicle or the obstacle to thereby detect difference 
between the frequency of the transmitted radio wave 
and that of the echo. Incidentally, it should bo montlonod 
that the radio wave of the millimeter-wave band is less 
susceptible to the influence of weather conditions as 
compared with the infrared laser known heretofore and 
can thus ensure high accuracy for measurement of the 
inter-vehicle distance (i.e., distance between the fore- 
running motor vehicle and the subject motor vehicle). 
[0030] On the basis of the difference between the fre- 
quency of the transmitted radio wave and that of the 
echo as detected, the relative running speed between 
the fore-running motor vehicle and the subject motor ve- 
hicle can be determined. Additionally, the inter-vehicte 
distance between the fore-running motor vehicle and 
the subject vehicle as well as the direction in which the 
fore-running motor vehicle is located, as viewed from 
the subject motor vehicle, can be detected. To this end, 
a signal processing unit 152 is provided for performing 
appropriate arithmetic processings on the output signal 
of the antenna unit 151 to thereby make decision as to 
the environmental situation for effectuating automatical- 
ly controls required or desired for the subject motor ve- 
hicle such as throttle control, transmission control, brake 
control and/or the like. In addition to such automatic con- 
trol of the motor vehicle, the ambient or environmental 
situations such as existence of obstacle, presence of a 
fore-running motor vehicle, relative speed between the 
fore-running motor vehicle and the subject motor vehicle 
should preferably be messaged to the operator or driver 
of the subject motor vehicle. Besides, an alarm should 
be issued to the driver as occasion requires. The signal 
processing unit 152 sends the relevant information to a 
driver display device 153 which is designed to execute 
relevant display processings and- alarm message gen- 
erating processing on the basis of the signals or infor- 



mation received from the signal processing unit 152. 
[0031] In the radar system such as illustrated in Fig 
19, the signal processing unit and the antenna unit are 
provided discretely or separately from each other, How- 

s ever, it should be noted that both the signal processing 
unit and the antenna unit can be combined in a unitary 
structure by realizing the antenna unit in a miniaturized 
structure. Needless to say, integral combination of the 
signal processing unit and the antenna unit can facilitate 

10 mounting of the radar system on the motor vehicle or 
automobile. 

[0032] As can be appreciated from the above, it is re- 
quired that the antenna unit be mounted on the front or 
lateral side of the motor vehicle. To this end. the antenna 

IS unit should preferably be implemented in a small size at 
light weight. Besides, in consideration of vibrations of 
the motor vehicle to which the antenna unit is subjected 
in the course of running of the motor vehicle, a high me- 
chanical strength should be ensured for the antenna 

20 unit. 

[0033] Figure 8 is a sectional view showing a high- 
frequency transmitter-receiver apparatus which is de- 
signed for use in an antenna unit according to yet an- 
other embodiment of the present invention. As can be 

25 soon from the figure, the apparatus includes a base 
plate 101 (composed of sections 101-1 and 101-2) 
made of a metal and having a top surface on which an 
antenna substrate 102 formed of a dielectric for consti- 
tuting an antenna is bonded and a bottom surface on 

30 which a circuit substrate 103 formed of a dielectric for 
constituting a transceiver circuit and an MMIC semicon- 
ductor chip 104 are mounted by bonding. Metal patterns 
110 on circuit substrate deposited on the surface of the 
circuit substrate 1 03 and metal patterns 107 on antenna 

35 substrate deposited on the surface of the antenna sub- 
strate 102 are electrically connected to each other by 
an RF (radio frequency) coaxial line which is realized by 
a dielectric 1 1 4 and a metal center conductor 1 06. Since 
the MMIC semiconductor chip is not packaged, the 
transceiver circuit is hermetically sealed by means of a 
cover 105 of transceiver components made of a metal. 
The metal patterns 11 Oon circuit substrate and the sem- 
iconductor chips 104 are electrically interconnected by 
bonding wires 111. Parenthetically, the MMIC semicon- 

45 ductor chip 104 may be implemented in a so-called flip- 
chip package structure in which the MMIC semiconduc- 
tor chip 104 is directly contacted onto the circuit sub- 
strale 103. Further, the base plate 101 and the trans- 
ceiver component cover 105 may be formed of a non- 

50 metallic material such as plastic or the like with the sur- 
face thereof being coated with metal through plating, 
evaporation or the like process. 

[0034] The base plate 101 is divided separately into 
a peripheral portion 101 -1 where the transceiver circuit 
55 is provided and a mid portion 101-2. The mid portion 
101-2 should be so dimensioned as to include at least 
the area which is hermetically sealed by the transceiver 
component cover 105. By realizing the base plate 101 
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in the divided or separable structure, efficiency in as- 
sembling the high-frequency transmitter-receiver appa- 
ratus as a whole can be enhanced, provided that the 
area of the transceiver circuit is sufficiently small when 
compared with that of the antenna. 
[0035] Provided at the mid portion 101-2 of the base 
plate substantially orthogonally to the plane of the an- 
tenna is a connecting terminal of a coaxial structure 
(hereinafter also referred to as the coaxial terminal) 
which is composed of a metal conductor 108-1 for the 
terminal and a dielectric 1 08-2 for the terminal and which 
serves as the power supplying terminal (D.C. bias sup- 
ply terminal) and/or the IF (intermediate frequency) sig- 
nal terminal. On the other hand, the mid portion 101-2 
of the base plate is partially recessed In the surface on 
which the antenna substrate is bonded, as illustrated in 
Figs. 1 OA and 1 08. Within the recess formed in the base 
plate, the metal conductor 1 08-1 for the terminal is elec- 
trically connected to the lead wire 109 forming the ter- 
minal for external connection to be thereby connected 
to an external power supply circuit or a signal processing 
circuit also provided externally. Incidentally, when the 
high-frequency transmitter-receiver apparatus Is 
equipped with two antennas, i.e., transmitting antenna 
and rocoiving antenna, there arc required two coaxial 
terminals for interconnecting the transceiver circuit and 
these two antennas. Further, it should be mentioned that 
although the D C. bias supply terminal or power supply 
terminal and the IF signal terminal are provided at one 
side of the housing, they may be provided at both sides. 
Of course, the invention is never restricted to any spe- 
cific number of the terminals. 

[0036] Figure 9 Is a bottom plan view of the high-fre- 
quency transmitter-receiver apparatus according to the 
instant embodiment of the inventbn, in which the anten- 
na substrate 102 bonded onto the top surface of the 
base plate is indicated by a phantom line. 
[0037] Figures 10A and 10B show a structure of the 
mid portion 101 -2 of the base plate according to an em- 
bodiment of the invention, in which Fig. IDA is a top plan 
view of the mid portion 101-2, and Fig. 1 0B is a sectional 
view of the same taken along a line A-B shown in Fig. 
10A. Referring to the figures, numeral 106 i denotes a 
through-hole for the coaxial line interconnecting the 
transceiver circuit and the antenna, and numeral 108 
denotes through-holes for the coaxial terminals for the 
D.C. bias supply or power supply and the IF signal. As 
described hereinbefore, the surface I of the mid portion 
101-2 onto which the antenna substrate is bonded is 
partially recessed for accommodating signal lines ex- 
tending from the coaxial terminal. 
[0038] Figure 11 is a partially enlarged sectional view 
for illustrating a structure around the coaxial terminal (i. 
e., terminal of the coaxial structure). As can be seen in 
the figure, the dielectric substrate 103 constituting a part 
of the transceiver circuit is bonded onto the bottom sur- 
face of the mid portion 101-2 of the base plate. The 
through-hole 106 is formed in the dielectric substrate 



103. and one end portion of the metal conductor 108-1 
of the coaxial terminal is inserted into the through-hole 
to be subsequently connected to the pattern conductor 
of the transceiver circuit by soldering, as designated by 

s numeral 112. The other end of the metal conductor 
108-1 is connected to the lead wire (external terminal) 
109 covered with an insulation coat. The lead wire 109 
is connected to the signal processing circuit provided 
externally. When lots of terminals are to be provided, a 

10 flat cable or the like available commercially can be made 
use of as the lead wires. The dielectric 1 08-2 supporting 
the metal conductor 108-1 of the coaxial terminal may 
serve for electrical insulation. By using ceramic or glass 
as the dielectric 108-2, airtightness of the transceiver 

IS circuit can be enhanced with the reliability thereof being 
enhanced. 

[0039] For forming the electric connection between 
the metal conductor 1 08-1 and the metal patterns on the 
transceiver circuit substrate, the lateral surtace of the 

20 through-hole formed in the dielectric substrate 103 is 
coated with an electrically conductive layer through plat- 
ing or the like process. Thus, the space defined between 
the dielectric substrate and the center conductor can be 
filled with solder without voids owing to the high contact 

2S susceptibility or affinity between the metal conductor 
and the solder, whereby the mechanical strength can be 
increased. 

[0040] Figure 1 2 is a view showing a structure of the 
coaxial terminal according to still another embodiment 

30 of the invention. In this structure, one end portion of the 
metal conductor 108-1 is elongated so that the metal 
conductor 1 08-1 can serve as a lead wire for connection 
to the signal processing circuit provided externally, while 
the other end portion of the metal conductor 108-1 is 

3S connected to the pattern conductor of the transceiver 
circuit by a bonding wire. Further, in the case of the 
structure shown in Fig. 12, the coaxial terminal formed 
by using a metallic sleeve 113 of Kovar, iron or the like 
is provided separately to be connected to the mid portion 

40 101 -2 of the base plate by soldering or the like. 

[0041] Figure 1 3 is a sectional view of a high-frequen- 
cy transmitter-receiver apparatus according to a further 
embodiment of the present invention. More specifically, 
the instant embodiment of the invention is directed to a 

■fs structure of the high-frequency transmitter-receiver ap- 
paratus in which the mechanical strength as required 
can be sustained only by the antenna substrate because 
the area for the antenna is not excessively large or be- 
cause the antenna substrate is thick. Thus, the base 

so plate is not divided into the peripheral portion 1 01 -1 and 
the mid portion 101-2, and the antenna substrate 102 is 
directly mounted on the base plate 1 in a region corre- 
sponding to the mid portion 101-2. 
[0042] Figure 1 4 is a sectional view of a high-frequen- 

ss cy transmitter-receiver apparatus of a structure in v/hich 
an transmitting antenna and a receiving antenna are 
provided separately from each other according to an- 
other embodiment of the present invention. In the high- 
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frequency transmitter-receiver apparatus now under 
consideration, the power supplying temnlnat and the ter- 
minal for the IF signal are provided at right and left end 
portions, respectively, as viewed in the figure, wherein 
high-frequency (RF) coaxial lines 106-1 and 106-2 for 
establishing connection between the antenna pattern 
conductors (metal patterns) and the high-frequency cir- 
cuit pattern conductor (metal patterns) are provided dis- 
cretely at two locations, i.e., at left-hand and right-hand 
sides, as viewed in the figure. 

[0043] Figures 1 5A and 1 58 show yet another struc- 
ture of the high-frequency transmitter-receiver appara- 
tus according to an embodiment of the invention in 
which an antenna is employed common to transmission 
and reception, wherein Fig. ISA is a circuit diagram of 
a high-frequency (RF) circuit arrangement and Fig. 15B 
shows an RF circuit pattern provided on a dielectric sub- 
strate 103- Referring to Fig. ISA, an RF (radio frequen- 
cy) signal generated by an oscillator 127 is fed to an 
antenna 1 21 via a circulalor 1 22. Since the antenna 1 21 
is used for signal transmission and reception, the re- 
ceived RF signal, i.e., echo signal, is applied to the mixer 
123 via the circulator 122. On the other hand, the RF 
signal generated by the oscillator 1 27 is supplied to the 
mixor 1 23 as a local oscillation signal via a coupler 1 25, 
whereby the received RF signal or echo is converted 
into an IF (intermediate frequency) signal, which is taken 
out from an IF signal terminal 1 24. A resistor 126 serves 
to stably operate the coupler 125. 
[0044] Next referring to Fig. 15B, the RF signal gen- 
erated by the oscillator 127 implemented in the form of 
an MMIC semiconductor chip is applied to an RF coaxial 
terminal 1 30 which interconnects the RF circuit and the 
antenna through a microstrip line 1 28 and the circulator 
122. Supplied to the individual MI\/!IC semiconductor 
chips is a D.C. power or D.C. bias from the D.C. bias 
supply terminals 1 31 through a D.C. bias supply line 1 29 
(shown by a phantom line) deposited on the dielectric 
substrate 103. 

[0045] As can be seen in Fig. 1 SB. the D.C. bias sup- 
ply terminals 1 31 and the IF signal terminals 124 should 
preferably be disposed at locations in the vicinity of op- 
posite sides (right and left sides as viewed in the figure) 
of the dielectric substrate 103, respectively, so that the 
IF signal lines and the D.C. bias supply lines do not ex- 
tend in parallel, in case the IF signal lines and the power 
supply lines extend in parallel, the IF signal may under- 
go interference by the noise carried by the D.C. bias 
supply line. Thus» when it is necessary in view of the 
circuit layout to provide the IF signal line and the D.C. 
bias supply line so that they extend in parallel with each 
other, a ground conductor (earth conductor) should be 
disposed between the D.C. bias supply line and the IF 
signal line for thereby preventing or suppressing the 
noise carried by the former from leaking to the latter. 
[0046] Figures 16A and 16B show a structure of the 
high-frequency transmitter-receiver apparatus accord- 
ing to another embodiment of the invention in which a 



transmitting antenna and a receiving antenna are pro- 
vided separately from each other, wherein Figs 16A is 
a circuit diagram showing a high-frequency (RF) circuit 
arrangement and Fig. 16B shows a corresponding RF 

s circuit pattern. Referring to Fig. 16A, an RF (radio fre- 
quency) signal generated by an oscillator 1 27 is sent out 
from a transmitting antenna 121-1 through an RF am- 
plifier 133 via a distributor 134. The RF echo received 
by a receiving antenna 1 21 -2 is supplied to a mixer 1 23. 

10 Additionally, a part of the RF signal generated by the 
oscillator 1 27 is also supplied to the mixer 1 23 as a local 
oscillation signal via the distributor 1 34. Referring to Fig. 
16B. the RF signal outputted from the oscillator 127 
which is realized in the form of an MMIC semiconductor 

IS chip is supplied through a microstrip line 128 to an RF 
coaxial terminal 130-1 interconnecting the RF circuit 
and the transmitting antenna, while the signal received 
by the receiving antenna is applied to the mixer 1 23 Im- 
plemented in the form of an MMIC semiconductor chip 

20 via an RF coaxial terminal 1 30-2. 

[0047] Figure 17A and 17B show a high-frequency 
transmitter-receiver apparatus according to still another 
embodiment of the present invention in which the trans- 
mitting antenna and the receiving antenna are provided 

^5 separately from each other and in which a plurality of 
receiving antennas are provided in order to catch with 
high accuracy the direction in which a fore-running mo- 
tor vehicle and/or obstacle exists. More specifically. Fig. 
17A shows an exemplary RF circuit arrangement while 

30 Fig. 17B shows a corresponding RF circuit pattern. Re- 
ferring to Fig. 17A, an RF signal generated by an oscil- 
lator 127 is sent out from a transmitting antenna 121-1 
through an RF amplifier 1 33 via a distributor 1 34-1 . On 
the other hand, the RF echoes as received by a plurality 

35 of transmitting receiving antennas 121-2 and 121-3 are 
supplied to mixers 123-1; 123-2. Additionally, a part of 
the RF signal generated by the oscillator 127 is also sup- 
plied to the mixers 123-1 and 123-2 as a local oscillation 
signal via distributors 1 34-1 and 1 34-2. respectively Re- 

•^0 ferring to Fig. 1 7B, the RF signal outputted from the os- 
cillator 127 which is realized in the form of a semicon- 
ductor chip is supplied through a microstrip line 128 to 
an RF coaxial terminal 1 30-1 interconnecting the RF cir- 
cuit and the transmitting antennas, while the echoes re- 

'*s ceived by the receiving antennas are applied to the mix- 
ers 1 23-1 and 1 23-2 each implemented in the form of a 
semiconductor chip via RF coaxial terminals 1 30-2 and 
130-3, respectively. 

[0048] In the case of the high-frequency transmitter- 
s' receiver apparatuses shown in Figs. 16B and 17B. re- 
spectively, the IF signal terminals 124 and the D C. bias 
supply terminals 131 are provided at locations near to 
the opposite sides of the dielectric substrate 103, re- 
spectively, to thereby prevent the IF signal lines and the 
ss D.C. bias supply lines from extending in parallel. 

[0049] As is apparent from the foregoing, according 
to the teachings of the invention, there can be realized 
a unitary structure of the high-frequency transmitler-re- 
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ceiver apparatus in which the transceiver circuit and the 
antenna are connbined integrally, which is very advan- 
tageous In that not only the characteristics can be im- 
proved but also the number of parts can be significantly 
reduced and additionally the apparatus as a whole can 
be miniaturized. 

[0050] Further, it can be understood that according to 
the present invention, the efficiency of work involved in 
assembling the high-frequency transmitter-receiver ap- 
paratus can be enhanced while ensuring airtlghtness 
thereof by virtue of such arrangement that the coaxial 
terminal which may have a same structure as the coaxial 
line Interconnecting the transceiver circuit and the an- 
tenna is used as the connecting terminal for electrically 
interconnecting the transceiver circuit and the external 
terminal. 



Claims 

1 . A transmitter-receiver apparatus, comprising: 

a base plate (1); 

a transceiver circuit (3; 4; 10) provided on a first 
surface of said base plate (1); and 
an antenna (2; 7) provided on a second surface 
of said base plate (1 ) opposite to said first sur- 
face on which said transceiver circuit is provid- 
ed. 

wherein said transceiver circuit and said anten- 
na are electrically connected to each other 
through a coaxial line (6; 14) which extends 
through said base plate (1). 

2. A transmitter-receiver apparatus according to claim 
1. 

wherein said transceiver circuit (3; 4; 10) in- 
cludes a metal circuit pattern (10) provided on 
a first dielectric substrate (3) and a semicon- 
ductor chip (4) connected to said metal circuit 
pattern (10), and 

wherein said antenna includes an metal anten- 
na pattern (7) provided on a second dielectric 
substrate (2). 



3. A transmitter-receiver apparatus according to claim 
2. 

wherein said coaxial line includes a center con- 
ductor (6) which extends through a through- 
hole (106) formed so as to extend through said 
base plate (1 ). said first dielectric substrate (3) 
and said second dielectric substrate (2) and 
which is electrically connected to said metal cir- 
cuit pattern (10) and said metal antenna pattern 
(7). respectively, and 

wherein lateral surfaces of said through-hole 



(106) formed in said first dielectric substrate (3) 
and said second dielectric substrate (2). re- 
spectively, are provided with electrically con- 
ductive layers (23) which extend from said met- 
5 al circuit pattern (10) and said metal antenna 

pattern (7). respectively. 

4. A high-frequency transmitter-receiver apparatus 
comprising a high-frequency transceiver circuit in- 
to eluding an oscillator (1 27). an amplifier (1 33) and a 

mixer circuit (123) and an antenna for transmitting 
and receiving a high-frequency signal. 

wherein high-frequency circuits Including the 
IS oscillator (1 27), the amplifier (1 33) and the mix- 

er circuit (123) are each Implemented in a pla- 
nar circuit structure by using an dielectric sub- 
strate (103) and a semiconductor chip (4), while 
said antenna Is implemented in a planar anten- 
20 na structure by using a dielectric substrate 

(103). 

wherein said dielectric substrate (3; 103) con- 
stituting a part of said planar circuit structure 
and said dielectric substrate (2; 102) constitut- 
es ing a part of said planar antenna structure arc 
directly bonded on first and second surfaces, 
respectively, of a single electrically conductive 
base plate (1), said first and second surfaces 
being opposite to each other, and 
30 wherein high-frequency signal lines of said pla- 
nar circuit and said planar antenna, respective- 
ly, are Interconnected by an coaxial line (6, 14; 
106-1, 106-2) extending through said base 
plate (1). 

35 

5. A high-frequency transmitter-receiver apparatus 
according to claim 4, 

wherein a mid portion (1 -2) of said base plate 
(1) where said transceiver circuit is provided and 
40 other portion (1 -1 ) of said base plate (1 ) are divided 
so as to be separable from each other. 

6. A high-frequency transmitter-receiver apparatus 
according to claim 4. 

45 wherein those portions of said coaxial line (6; 

14) at which said coaxial line is to be connected, 
respectively, to the dielectric substrate (3; 1 03) con- 
sliluling a part of said planar circuit structure and 
the dielectric substrate (2; 102) constituting a part 

so of said planar antenna structure are realized in an 
airtight structure by using a dielectric Including 
glass or ceramic which constitutes a part of said co- 
axial lino. 

55 7. A high-frequency transmitter-receiver apparatus 
according to claim 4, 

wherein at those portions of said coaxial line 
where said coaxial line is connected to said planar 
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circuit structure and said planar antenna structure, 
respectively, lateral surfaces of through-hole por- 
tions through which a center conductor (6) of said 
coaxial line extends and which are formed in the di- 
electric substrate (3: 103) constituting a part of said s 
planar circuit structure and the dielectric substrate 
(2: 102) constituting a part of said planar antenna 
structure, respectively, are coated with an electri- 
cally conductive layer including a plated layer. 

10 

8. An antenna unit incorporating a high-frequency 
transnnitter-receiver device Including high-frequen- 
cy circuits having an oscillator (127), an amplifier 
(133) and a mixer circuit (123) and implennented in 

a planar circuit structure by using a dielectric sub- '5 
strata (2; 102) and a semiconductor chip (4; 104) 
and an antenna (107) implemented in a planar an- 
tenna structure by using a dielectric substrate (2; 
102). said dielectric substrate (103) constituting a 
pari of said planar circuit structure and said dielec- 20 
trie substrate (2; 102) constituting a part of said pla- 
nar antenna structure being directly bonded on first 
and second surfaces, respectively of a single elec- 
trically conductive base plate (1 ), said first and sec- 
ond surfaces being opposite to each other, wherein 
high-frequency signal lines of said planareircuit and 
said planar antenna, respectively, are interconnect- 
ed by an coaxial line (6; 14) extending through said 
base plate (1; 101). 

wherein said high-frequency circuits are en- 
closed by an electrically conductive cover (5; 
105) mounted directly en said base plate (1: 
101), and 

wherein terminals for D.C. bias supply and for 
intermediate-frequency signal are provided in 
said electrically conductive cover in a portion 
thereof, said terminals being electrically insu- 
lated from said cover. 

9. An antenna unit according to claim 8. 

wherein a portion of a circuit for processing 
the intermediate-frequency signal outputted from 
said high frequency transceiver circuit is accommo- 
dated within said electrically conductive cover (1 05) 
in addition to said high-frequency transceiver cir- 
cuit. 

10. An antenna unit according to claim 8. 

wherein a cover (16) made of a dielectric for 
enclosing the antenna as a whole is provided at a 
side where said antenna is provided, said cover (16) 
being mounted directly on the base plate (1). while 
an electrically conductive cover (15) enclosing the 
transceiver circuit (3; 4; 10), a D.C. bias supply cir- 
cuitry, an intermediate-frequency circuit and other 
circuitries is mounted directly on the base plate (1) 
at the other side. 



11. A high-frequency transmitter-receiver apparatus, 
comprising: 

a base plate (1); 

an antenna (2: 7) provided on a first surface of 
said base plate (1): 

a transceiver circuit (3: 4; 10) provided on a 
second surface of said base plate (1) opposite 
to said first surface and electrically connected 
to said antenna; and 

a terminal (1 2; 1 2') for external connection pro- 
vided on said second surface of said base plate 
(1 ) for supplying a source current to said trans- 
ceiver circuit or outputting a signal; 
wherein said base plate (1 ) being provided with 
a concave portion in said first surface and cov- 
ered with said antenna and a through-hole 
(108) extending through said concave portion 
and said second surface, 
wherein a connecting terminal for supplying a 
source current to said transceiver circuit or out- 
putting a signal extends through said through- 
hole (1 08) and electrically connected to said ex- 
ternal terminal in said concave portion, and 
wherein said connecting terminal is implement- 
ed in a line structure having a metal conductor 
(108-1) electrically insulated from said base 
plate (1) in said through-hole (108). 

12. A high-frequency transmitter-receiver apparatus 
according to claim 11 . 

wherein said connecting terminal is imple- 
mented in an airtight structure by using a dielectric 
(1 06-1 ) including glass or ceramic for electrically in- 
sulating the core conductor of said connecting ter- 
minal from said base plate (1 ). 

13. A high-trequency transmitter-receiver apparatus 
according to claim 11, 

wherein a connecting line constituted by a cy- 
lindrical metallic sleeve (113) as an outer electrical 
conductor, a dielectric provided Internally of said 
sleeve and a metal conductor provided internally of 
said sleeve is employed for interconnection of said 
connecting terminal or said antenna and said trans- 
ceiver circuit. 

14. A high-frequency transmitter-receiver apparatus, 
comprising: 

a base plate (1); 

an antenna (2; 7) provided on a first surface of 
said base plate (1 ); 

a transceiver circuit (3: 4; 10) provided on a 
second surface of said base plate (1) opposite 
to said first surface and electrically connected 
to said antenna; 

a first terminal array (1 31 ) for external connec- 
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tion provided on said second surface of said 
base plaie (1 ) for supplying a source current to 
saidlransceiver circuit; and 
a second terminal array (1 24) for external con- 
nection provided on said second surface of said s 
base plate (1 ) for outputting an electric signal, 
wherein a first connecting ternninal intercon- 
necting said transceiver circuit and said first ter- 
minal (12) for the external connection on one 
hand and a second connecting terminal for in- fo 
terconnecting said transceiver circuit and said 
terminal (12) for the external connection on the 
other hand are provided, respectively, at differ- 
ent locations close to sides of a substrate on 
which said transceiver circuit is formed. ^5 

15. A high-frequency transmitter-receiver apparatus, 
comprising: 

a base plale (1); 

an antenna (2; 7) provided on a first surface of 
said base plate (1); 

a transceiver circuit (3; 4; 10) provided on a 
second surface of said base plate (1) opposite 
to said first surface and electrically connected 25 
to said antenna; 

a first terminal array (1 31 ) for external connec- 
tion provided on said second surface of said 
base plate (1 ) for supplying a source current to 
said transceiver circuit; and 30 
a second terminal array (1 24) for external con- 
nection provided on said second surface of said 
base plate (1 ) for outputting an electric signal, 
wherein said high-frequency transmitter-re- 
ceiver apparatus further comprises: 35 
first lines (125; 128) for interconnecting first 
connecting terminals connected to said first ter- 
minal array (1 31 ) and circuit components (127; 
122, 123) of said transceiver circuit; and 
second lines (129) for interconnecting second 
connecting terminals connected to said second 
terminal array (124) and circuit components 
(127) of said transceiver circuit, 
wherein said first and second lines are so pro- 
vided as not to extend in parallel with each oth- -^s 
er. 

16. A high-frequency transmitter-receiver apparatus, 
comprising: 

50 

a base plate (1); 

an antenna (2; 7) provided on a first surface of 
said base plate (1); 

a transceiver circuit (3; 4; 10) provided on a 
second surface of said base plate (1) opposite ss 
to said first surface and electrically connected 
to said antenna; 

a first terminal array (131) for external connec- 



tion provided on said second surface of said 
base plate (1 ) for supplying a source current to 
said transceiver circuit; and 
a second terminal array (124) for external con- 
nection provided on said second surface of said 
base plate (1) for outputting an electric signal, 
wherein said high-frequency transmitter-re- 
ceiver apparatus further comprises: 
first lines (125; 128) for interconnecting first 
connecting terminals connected to said first ter- 
minal array (131) and circuit components of 
said transceiver circuit; 

second lines for interconnecting second con- 
necting terminals connected to said second ter- 
minal array (124) and circuit components of 
said transceiver circuit, and 
a ground conductor provided between said first 
lines and said second lines. 

17. A high-frequency transmitter-receiver apparatus of 
an integrated structure, comprising a high-frequen- 
cy transceiver circuit including an oscillator (127), 
an amplifier (103) and a mixer circuit (123) and an 
antenna (7) for sending/receiving a high-frequency 
signal, wherein high-frcquoncy circuits including 
the oscillator (127). the amplifier (133) and the mix- 
er circuit (123) and said antenna (7) are provided 
on first and second surfaces of a single electrically 
conductive base plate (1 ). said first and second sur- 
faces being opposite to each other, 

wherein high-frequency signal lines of said 
high-frequency circuit and said antenna (7) are 
electrically interconnected by means of a coaxial 
fine (6; 14) which extends through said base plate, 
and wherein a connecting terminal for connecting 
said high-frequency circuit to an external circuit in- 
cluding a power source circuit and a signal process- 
ing circuit is implemented in a line structure having 
a metal conductor electrically insulated from said 
base plate (1) and disposed in such orientation as 
to extend partially through said base plate (1) so 
that a lead-out portion of a lead wire interconnecting 
said high-frequency circuit and said external circuit 
is provided on said second surface on which said 
antenna (7) is provided. 



18. A high-frequency transmitter-receiver apparatus 
according to claim 17, 

wherein said connecting terminal for said ex- 
ternal circuit is implemented in an airtight structure 
by using a dielectric (106-1) including glass or ce- 
ramic for olcctricaliy insulating the core conductor 
of said connecting terminal from said base plate (1 ). 

19. A high-frequency transmitter-receiver apparatus 
according to claim 1 7, 

wherein outer conductors of said coaxial line 
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for interconnecting said high-frequency circuit and 
said anlenna (7) and said connecting terminal for 
connection with the external circuit are each formed 
of a cylindrical metal sleeve (113) of Kovar. iron or 
the like with the core conductor and insulation ma- 
terial being disposed within said sleeve (113). 
whereby each of said coaxial line and said connect- 
ing terminal being implemented as discrete parts, 
respectively, which are mounted on said base ptate 
(1 ) by a process including welding. 

20. A high-frequency transmitter-receiver apparatus 
according to claim 17, 

wherein the core conductor of the line for con- 
nection with the power source circuit or the signal 
processing circuit is extended to be connected di- 
rectly to a terminal of said power source circuit or 
said signal processing circuit. 



21. A high-frequency transmitter-receiver apparatus 
according to claim 17, 

wherein a lead wire which connects the metal 
conductor of the line for connection with the power 
source circuit or the signal processing circuit to a 
terminal of said power source circuit or said signal 
processing circuit is implemented in the form of flat 
cable covered with an insulation coat and mounted 
by welding or the like process so that the lead wire 
can be ted out in a direction along the surface of 
said base ptate (1). 

22. A vehicle-onboard radar system mounted on a mo- 
tor vehicle for generating control information for 
said motor vehicle, comprising: 

an antenna unit (151) for transmitting a radio 
wave of a high frequency to receive an echo 
wave of said high frequency for thereby detect- 
ing difference in frequency between said radio 
wave transmitted and said echo received; and 
a signal processing unit (152) for determining 
environmental situation of said motor vehicle 
on the basis of the detected frequency differ- 
ence for generating control information for said 
motor vehicle, 

wherein said antenna unit comprises an anten- 
na (7) for sending out said high-frequency radio 
wave and a transceiver circuit for generating 
said high frequency and detecting said frequen- 
cy difference, said antenna and said transceiv- 
er circuit being disposed on opposite surfaces, 
respectively, of a base plate (1), and 
wherein said antenna and said transceiver cir- 
cuit is electrically interconnected by means of 
a coaxial line extending through said base plate 
(1) 



23. A vehicle-onboard radar system mounted on a mo- 
tor vehicle for generating control information for 
said motor vehicle, comprising: 

s an antenna unit (151) for transmitting a radio 

wave of a high frequency to receive an echo 
wave of said high frequency for thereby detect- 
ing difference in frequency between said radio 
wave transmitted and said echo received; and 
a signal processing unit (1 52) for determining 
environmental situation of said motor vehicle 
on the basis of the detected frequency differ- 
ence for generating control information for said 
motor vehicle. 

wherein said antenna unit comprises an anten- 
na (7) for sending out said high-frequency radio 
wave and a transceiver circuit for generating 
said high frequency anddetecting said frequen- 
cy difference, said antenna and said transceiv- 
er circuit being disposed on opposite surfaces, 
respectively, of a base plate (1). and 
wherein a first external terminal array (1 31 ) for 
supplying a source current to said transceiver 
circuit and a second external terminal array 
(1 24) for outputting information indicating said 
frequency from said transceiver circuit are dis- 
posed along different sides, respectively, of 
said base plate (1). 
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(54) High-frequency transmitter-receiving apparatus for such an application as vehicle-onboard 
radar system 



(57) A high-frequency transmitter-receiver appara- 
tus includes a transceiver circuit (10) realized in a planar 
structure by a dielectric substrate (3) and a semiconduc- 
tor chip (4) and a planar antenna (7) formed on a die- 



lectric substrate (2) are provided on front and rear sur- 
faces, respectively, of a single electrically conductive 
base plate (1). Signal lines of the planar circuit and the 
planar antenna are electrically interconnected by a co- 
axial line (106-1, 106-2), 
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